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Abstract
Background:  Wnt signals are important for embryonic stem cells renewal, growth and
differentiation. Although 19 Wnt, 10 Frizzled genes have been identified in mammals, their
expression patterns in stem cells were largely unknown.
Results: We conducted RNA expression profiling for the Wnt ligands, their cellular receptors
"Frizzleds" and co-receptors LRP5/6 in human embryonic stem cells (H7), human bone marrow
mesenchymal cells, as well as mouse totipotent F9 teratocarcinoma embryonal cells. Except failing
to express Wnt2 gene, totipotent F9 cells expressed RNA for all other 18 Wnt genes as well as all
10 members of Frizzled gene family. H7 cells expressed RNA for each of the 19 Wnt genes. In
contrast, human mesenchymal cells did not display detectable RNA expression of Wnt1, Wnt8a,
Wnt8b, Wnt9b, Wnt10a, and Wnt11. Analysis of Frizzled RNAs in H7 and human mesechymal cells
revealed expression of 9 members of the receptor gene family, except Frizzled8. Expression of the
Frizzled co-receptor LRP5 and LRP6 genes were detected in all three cell lines. Human H7 and
mouse F9 cells express nearly a full complement of both Wnts and Frizzleds genes. The human
mesenchymal cells, in contrast, have lost the expression of six Wnt ligands, i.e. Wnt1, 8a, 8b, 9b,
10a and 11.
Conclusion: Puripotent human H7 and mouse F9 embryonal cells express the genes for most of
the Wnts and Frizzleds. In contrast, multipotent human mesenchymal cells are deficient in
expression of Frizzled-8 and of 6 Wnt genes.
Background
Wnt, a class of 19 secreted proteins in mammals, consti-
tutes one of the most important families of signaling mol-
ecules that direct aspects of development, such as cell
differentiation, cell fate determination as well as some
processes in adult tissues [1-3]. Recently, Wnt signaling
has been implicated in self-renewal of human and mouse
embryonic stem cells [4-10], however, weather Wnts are
expressed in these stem cells is largely not known. Wnt
functioning as ligands operates via binding to products of
the frizzled (Fz) gene family [11-13] which activates sign-
aling pathways. Three Wnt signaling pathways have been
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elucidated, namely Wnt/β-catenin (canonical) pathway,
Wnt/Ca2+ (noncanonical) pathway and Wnt planar cell
polarity (PCP) pathway [14]. It is the activation of Wnt
canonical pathway implicated in stem cell renewal, at
least in short-term experiments [9,15]. Weather or not
other Wnt pathways are involved in stem cell renewal is
not known. Activation of downstream heterotrimeric G-
proteins and the novel phosphoprotein Dishevelleds
(Dsh, Dvl1-3) by Frizzled upon binding of the cognate
Wnt occurs in all Wnt pathways [16-21]. In Wnt canonical
pathway, Gαq and phospholipase Cβ are activated. The
activation of these enzymes leads to accumulation of
intracellular inositol pentakisphophate which, in turn,
represses the serine/threonine kinase glycogen synthase
kinase-3β (GSK3β,  a.k.a.  zeste white3/shaggy in Dro-
sophila) [22]. As GSK3 represses β-catenin, its inhibition in
response to Wnt/Frizzled activation de-represses β-catenin
(Armadillo in Drosophila) levels. Phosphorylation of β-
catenin by GSK3β targets β-catenin for ubiquitination and
proteosome-mediated degradation [23-25], which occurs
within a large complex that involves Axin, the product of
the adenomatous polyposis coli (APC) gene, protein phos-
phatase 2A, GSK3β, and β-TrCP [26,27]. Wnt activation of
Frizzled and Dvl-mediated inhibition of GSK3 allows β-
catenin to accumulate in the nucleus, interacting with
members of the lymphoid enhancer factor (LEF)/T-cell
factor (TCF) class of architectural high mobility group
(HMG) box transcription factors [28-30]. Wnt1, Xwnt5,
Wnt8 and other Wnts activate Wnt/β-catenin canonical
pathway and induce duplication of the axis in Xenopus
and Zebrafish. There is also growing evidence that some
Wnts, like Xwnt4, 5a and 11, do not induce duplication of
Expression of Wnt and Frizzled genes in mouse totipotent teratocarcinoma F9 embryonal cells Figure 1
Expression of Wnt and Frizzled genes in mouse totipotent teratocarcinoma F9 embryonal cells. RNA was 
extracted from mouse F9 cells and then reverse-transcribed (RT) to the first strand cDNA. PCR amplification of the cDNA 
was conducted using specific primers for mouse Wnt1 through Wnt16, mouse Frizzled-1 through Frizzled-10 as well as for 
LRP5 and LRP6 (Tables 1, 2). The predicted sizes of the PCR products are listed in Tables 1 and 2. Data displayed are from one 
set of representative RT-PCR products of mouse F9 cells with primers specific for Wnts (A), Frizzleds (B), and LRP5/6 (C). R 
and RT in panel B indicate results of PCR performed on either the total RNA or the products of reverse transcription, respec-
tively. Markers of DNA fragments (MK, bp) are provided and sizes labeled. In the case of appearance of multiple bands in pan-
els A and B, each band of PCR product was purified and sequenced. * denoted the band corresponding to expected Wnt or Fz. 
Extraction of RNA were performed and subjected to RT-PCR using whole-cell preparations from at least three independent 
sources, each prepared on separate occasions.Journal of Molecular Signaling 2008, 3:16 http://www.jmolecularsignaling.com/content/3/1/16
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the axis, but rather cause morphogenetic defects in
embryos, working through "Wnt/Ca2+ pathway" that is
distinct from the Wnt/β-catenin pathway described above
[31].
All of the Frizzleds display a deduced protein sequence
with the following properties: seven hydrophobic seg-
ments of sufficient length to be transmembrane-spanning
domains [11,32].; an N-terminal region that is exofacial
and N-glycosylated [32], a cytoplasmic C-terminal
domain replete with sites suitable for possible phosphor-
ylation [33], and overall homology to members of the
superfamily of 7-transmembrane segment-containing
receptors known to signal via heterotrimeric G-proteins
[33,34]. In mouse embryonic carcinoma stem cells (F9),
Wnt3a binds to Fz1 and leads to β-catenin accumulation
and Lef/Tcf-dependent treanscriptional activation
[17,35]. In Zebrafish embryos, signaling via rat Fz2, but
not rat Fz1, has been shown to activate calcium transients,
that appear by several criteria to mimic the responses of
other GPCRs that activate the effector phospholipase Cβ
(PLCβ), stimulate accumulation of water-soluble inositol
phosphates and diacylglycerol, and ultimately activate
protein kinase C [36,37]. Similarly, in frog oocytes activa-
tion of rat Fz-2, but not rat Fz-1, leads to PKC activation
and recruitment of GFP-tagged PKC from the cytoplasm
to the plasma membrane [38].
Wnt directly binds to the Cysteine-rich domain of Fz and
the Wnt-Fz specificity determines Wnt signaling output.
For Wnt-Fz signals via canonical pathway, recent work has
identified low density lipoprotein receptor related protein
(LRP) 5 or 6 (Arrow in Drosophola) as co-receptor of Wnt
[39-41]. LRP5 and 6 are functionally redundant. Double
homologous mutants of LRP5 and 6 fail to establish a
primitive streak, the first morphological sign of gastrula-
Table 1: Primer sequences for RT-PCR analysis of mouse Wnt (mWnt) genes
Gene Accession No. Sequence (5' to 3') Amplicon (bp)
mWnt1 NM_021279 (F) ccgagaaacagcgttcatct
(R) gcctcgttgttgtgaaggtt
252
mWnt2 NM_023653 (F) Atctcttcagctggcgttgt
(R) agccagcatgtcctcagagt
326
mWnt2b NM_009520 (F) cacccggactgatcttgtct
(R) tgtttctgcactccttgcac
236
mWnt3 NM_009521 (F) cgctcagctatgaacaagca
(R) aaagttgggggagttctcgt
303
mWnt3a NM_009522 (F) cccaacttctgcgaacctaa
(R) tctccgccctcaagtaagaa
347
mWnt4 NM_009523 (F) aacggaaccttgaggtgatg
(R) ggacgtccacaaaggactgt
345
mWnt5a NM_009524 (F) ctggcaggactttctcaagg
(R) ctctagcgtccacgaactcc
388
mWnt5b NM_009525 (F) gggaccgtttgaaggagaag
(R) ctcttgaagcggtcatagcc
259
mWnt6 NM_009526 (F) tcagttccagttccgtttcc
(R) ttgacttctcatccccgaag
323
mWnt7a NM_009527 (F) cgagagctaggctacgtgct
(R) acagcacatgaggtcacagc
264
mWnt7b NM_009528 (F) tacctaagttccgcgaggtg
(R) acgtgttgcacttgacgaag
363
mWnt8a NM_009290 (F) tgtcatggcatctcaggaag
(R) gcggttgcagtagtcaggag
240
mWnt8b NM_011720 (F) gtggacttcgaagcgctaac
(R) ttacacgtgcgtttcatggt
316
mWnt9a NM_139298 (F) tgctttcctctacgccatct
(R) tatcaccttcacacccacga
256
mWnt9b NM_011719 (F) aggagacggccttcctgtat
(R) gcacttgcaggttgttctca
296
mWnt10a NM_009518 (F) gcgctctgggtaaactgaag
(R) cacacggttgttgtggagtc
302
mWnt10b NM_011718 (F) ggaagggtagtggtgagcaa
(R) cacttccgcttcaggttttc
298
mWnt11 NM_009519 (F) gtgcggacaacctcagctac
(R) gacaggtagcgggtcttgag
259
mWnt16 NM_053116 (F) ctgtgaaaccaccttgcaga
(R) caggttttcacagcacagga
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tion, mimicking mouse embryos which loss either β-cat-
enin or Wnt3a [42].
Transcriptional profiling is used commonly to ascertain
gene expression patterns by cells in culture, including
human embryonic stem cells [43,44]. Since the Wnt-Friz-
zled signaling pathways are intimately associated with dif-
ferentiation, cell fate, and early development, we
conducted transcriptional profiling of the Wnt and Friz-
zled genes in three stem cells, i.e., human embryonic
(H7), human mesenchymal (hM), as well as mouse tera-
tocarcinoma F9 embryonal (F9) cells. H7 and F9 cells are
pluripotent, whereas hM are multipotent, i.e. hM cells are
only capable of differentiation to lineages of mesenchy-
mal tissues, such as bone, cartilage, fat, muscle and ten-
don. H7 cells expressed RNA for each of the 19 Wnt genes.
Our data for human H7 cells and for mouse F9 cells sug-
gest that these embryonal cells also express the genes for
most of the Frizzleds. Surprisingly, the human mesenchy-
mal cells were found to have lost the expression of Friz-
zled-8 and six Wnt genes.
Results and discussion
The RT-PCR amplification was performed first on RNA
extracted from mouse F9 embryonal cells. Primers were
prepared to enable interrogation of all of the 19 Wnt
genes (Table 1, Figure 1A). Base pair markers (100–650
bp, MK) are provided for the analysis of the PCR products.
The results show the presence of mRNA for all Wnts except
Wnt2. The RNA for Wnt2 was absent, even when per-
formed under conditions that maximize detection of low-
abundance RNAs (data not shown). Thus mouse F9 cells
display expression of virtually all of the known Wnt genes
except Wnt2. Primers were prepared also to enable PCR
amplification of RNA encoding the cellular receptors for
the Wnts, i.e., the Frizzled family of G-protein-coupled
receptors (Table 2, Figure 1B). PCR products obtained
from the mouse F9 cells revealed RNA for all ten of the
Frizzled family. Thus, mouse F9 cells do express nearly the
full complement of Wnt and Frizzled genes. We interro-
gated whether or not the genes of co-receptors, i. e. LRP 5
and 6, obligate for canonical Wnt signaling, were
expressed. Both LRP5 and LRP6 co-receptor genes are
expressed in the mouse F9 cells (Table 2, Figure 1C), sug-
gesting that with the exception of Wnt2, all of the proxi-
mal signaling ligands, receptors, and co-receptor genes are
expressed in these cells.
We next interrogated whole-cell RNA extracted from two
human stem cell lines, embryonic (H7) and mesenchymal
(hM), by RT-PCR amplification using primers (Tables 3
and 4) designed to detect expression of all 19 members of
the Wnt gene family (Figure 2), LRP5/6, as well as 10
members of the Frizzled gene family (Figure 3). The
amplification products reveal that for embryonic H7 stem
cells all 19 members of the Wnt gene family are expressed.
These data contrast with the results of the RT-PCR ampli-
fication of the human mesenchymal cell RNA, in which
six Wnt genes could not be detected, i.e., Wnt1, Wnt8a,
Wnt8b, Wnt9b, Wnt10a, and Wnt11. These data suggest
Table 2: Primer sequences for RT-PCR analysis of mouse Frizzled (mFzd) and LRP genes
Gene Accession No. Sequence (5' to 3') Amplicon (bp)
mFz1 NM_021457 (F) caaggtttacgggctcatgt
(R) tgaacagccggacaggaaaa
178
mFz2 NM_020510 (F) ccgacggctctatgttcttc
(R) tagcagccggacagaaagat
173
mFz3 NM_021458 (F) tgggttggaagcaaaaagac
(R) cctgctttgcttctttggtc
239
mFz4 NM_008055 (F) gccaatgtgcacagagaaga
(R) aggtggtggagatgaagcag
398
mFz5 NM_022721 (F) ctgtggtctgtgctgtgctt
(R) ggccatgccaaagaaataga
264
mFz6 NM_008056 (F) tctgtgcctctgcgtatttg
(R) tctcccaggtgatcctgttc
218
mFz7 NM_008057 (F) gcttcctaggtgagcgtgac
(R) aacccgacaggaagatgatg
216
mFz8 NM_008058 (F) ttacatgcccaaccagttca
(R)cggttgtagtccatgcacag
306
mFz9 NM_284144 (F) agtttcctcctgaccggttt
(R) ttttcggtagcacaggctct
390
mFz10 NM_175284 (F) agattcccatgtgcaaggac
(R) agttggggtcgttcttgttg
321
mLRP5 NM_008513 (F) Aagaccctgcttgaggacaa
(R) gagtgggatagccacatcgt
402
mLRP6 NM_008514 (F) Gagctcatcggtgacatgaa
(R) gctcgaggactgtcaaggtc
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that the more highly differentiated mesenchymal stem
cells have lost the full complement of Wnt gene expres-
sion (Table 5). Thus human embryonic H7 stem cells dis-
play expression of the full complement of Wnt genes.
In our analysis of Wnt genes in human embryonic as well
as mesenchymal stem cells we observed a few instances in
which heterogeneity in the PCR products was observed in
amplification reactions using the same pair of primers
(Table 3, Figure 2). RT-PCR products for human Wnt4,
Wnt5a and Wnt11 genes consistently yield PCR products
of multiple sizes. We also observed that the size of PCR
product for Wnt5b detected was much smaller than it was
predicted (550bp). We extracted and purified PCR prod-
ucts from each separated band and subjected these sam-
ples to DNA sequencing. Results from DNA sequencing
(data not shown) suggest the possibility that hWnt4,
hWnt5a hWnt5b and hWnt11 gene products may
Expression of Wnt genes in human embryonic H7 stem cells and human mesenchymal cells Figure 2
Expression of Wnt genes in human embryonic H7 stem cells and human mesenchymal cells. RNA was extracted 
from either human embryonic (H7) or mesenchymal (hM) cells and then subjected to reverse transcription to the first strand 
cDNA. PCR amplification of the cDNA was conducted using specific primers for human Wnt1 through Wnt16 (Table 3). The 
predicted size of the PCR products for each Wnt is listed in Table 3. The data displayed are from a representative PCR per-
formed on the same whole-cell RNA and first subjected to RT. Markers of DNA fragments (MK, bp) are provided and the sizes 
labeled. Each separated band of PCR products was purified and subjected to DNA sequencing. Each band has been confirmed 
as expected gene products based upon DNA sequencing. * denoted a possible splicing form of corresponding genes. Extraction 
of RNA were performed and subjected to RT-PCR using whole-cell preparations from at least three independent sources, 
each prepared on separate occasions.Journal of Molecular Signaling 2008, 3:16 http://www.jmolecularsignaling.com/content/3/1/16
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undergo RNA splicing/editing. To our knowledge, this
report is the first to make this novel observation.
We probed for expression for all members of the Frizzled
gene family employing RNA extracted from H7 and hM
cells for RT-PCR amplification. The amplification prod-
ucts revealed expression of all Frizzled genes, with the
exception of that for Frizzled-8 (Figure 3A). PCR products
for Frizzled-8 were not detected in reactions performed
with either human cell source (Table 6). The gene for Friz-
zled-8 maps to human chromosome 10p11.2 and its
expression has been shown to be amplified among
human cancer cell lines [45]. Attempts to detect expres-
sion of the Frizzled-8 gene in either H7 or hM cell RNA
preparations by RT-PCR with two other pairs of primers
likewise failed to produce a product for this Frizzled gene
(data not shown). Although detected in a variety of adult
human cells and tissues [45], Frizzled-8 RNA appears to
be undetected in RT-PCR amplifications prepared from
whole-cell RNA isolated from both stem-cell sources, H7,
and mesenchymal cells. Both LRP5 and LRP6 are
expressed in human embryonic H7 and mesenchymal
stem cells (Figure 3B).
Taken together, our results suggest that embryonic stem
(human H7 and mouse F9) cells express nearly a full com-
plement of Wnts, their receptors, the Frizzleds, as well as
their co-receptors, LRP5 and 6. The human mesenchymal
stem cells, in contrast, have lost the expression of six Wnt
ligands, i.e. Wnt1, 8a, 8b, 9b, 10a and 11. The absence of
detection of RNA for Frizzled-8 in the human stem cell
source, but not for the mouse F9 cells, is of interest and
like the observation of possible RNA splicing of human
Wnt4, Wnt5a, Wnt5b and Wnt11, deserving of further
detailed analysis.
Conclusion
Our data for pluripotent human H7 cells and mouse F9
cells suggest that these embryonal cells express the genes
for most of the Wnts and Frizzleds. Multipotent human
mesenchymal cells, in contrast, were found to be deficient
in expression of Frizzled-8 and of six Wnt genes.
Methods
Materials
Mouse F9 teratocarcinoma cells were obtained from ATCC
(Manassas, VA). Human embryonic H7 stem cells were
obtained from WiCell Research Institute (Madison, WI).
Expression of Frizzled and LRP5/6 genes in human embryonic H7 stem cells or human mesenchymal cells Figure 3
Expression of Frizzled and LRP5/6 genes in human embryonic H7 stem cells or human mesenchymal cells. 
RNA was extracted from either human embryonic (H7) or mesenchymal (hM) cells and then subjected to reverse transcription 
to the first strand cDNA. PCR amplification of the cDNA was conducted using specific primers for human Frizzled-1 through 
Frizzled-10 (A) or LRP5 versus LRP6 (B). The nucleotide sequence of each primer and predicted size of the PCR products for 
each Frizzled is listed in Table 4. The data displayed are from a representative PCR performed on the same whole-cell RNA 
and first subjected to RT. Markers of DNA fragments (MK, bp) are provided and the sizes labeled. Extraction of RNA were 
performed and subjected to RT-PCR using whole-cell preparations from at least three independent sources, each prepared on 
separate occasions.Journal of Molecular Signaling 2008, 3:16 http://www.jmolecularsignaling.com/content/3/1/16
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Human mesenchymal stem cells were purchased from
Cambrex Bio Science (Walkersville, MD). Dulbecco's
modified Eagle's medium (DMEM), Knockout serum,
basic fibroblast growth factor, L-glutamine, penicillin and
Streptomycin were from Invitrogen (Carlsbad, CA). Fetal
calf serum was purchased from Hyclone (South Logan,
UT). Matrigel was obtained from BD Bioscience (San Jose,
CA). All primers employed in this study were synthesized
by Operon (Huntsville, AL).
Cell culture
Mouse totipotent teratocarcinoma F9 clones (ATCC,)
were grown in DMEM supplemented with 15% heat-inac-
tivated fetal calf serum at 37°C in a 5% CO2, 95% air
incubator. The human mesenchymal stem cells were char-
acterized by Lonza Bioscience (Walkersville, MD) for mes-
enchymal markers (CD29, 96% test positive; CD44, 97%
test positive; CD105, 99% test positive; and CD 166, 95%
test positive), macrophage marker (CD14, 97% test nega-
tive), as well as hematopoietic markers (CD34, 98% test
negative; CD45, 99% test negative). The human mesen-
chymal stem cells were cultured and propagated accord-
ing to the protocol provided by Cambrex Bio Science.
Briefly, cells were cultured in tissue culture plates and
maintained at 37°C in humidified 5% CO2 in mesenchy-
mal stem cell growth medium (MSCGM) supplemented
with L-glutamine, penicillin, streptomycin, and serum
(MSCGM Bullet kit; Cambrex Bio Science). Passages of p3
to p5 were used for extraction of total RNA. Human
embryonic stem cells (H7) were cultured on a layer of
mouse embryonic fibroblasts, inactivated by mitomycin-
C, in DMEM medium supplemented with 20% Knockout
serum replacement, 0.1 mM nonessential amino acids, 2
mM L-GlutaMAX™, 1 mM sodium pyruvate, 0.1 mM β-
mercaptoethanol, 4 ng/ml basic fibroblast growth factor,
50 u/ml penicillin and 50 u/ml streptomycin. H7 cells
Table 3: Primer sequences for RT-PCR analysis of human Wnt (hWnt) genes
Gene Accession No. Sequence (5' to 3') Amplicon (bp)
hWnt1 NM_005430 (F) gcgtctgatacgccaaaatc
(R) ggattcgatggaaccttctg
244
hWnt2 NM_003391 (F) tagtcgggaatctgcctttg
(R) ttcctttcctttgcatccac
221
hWnt2b NM_004185 (F) ctcatcagcaggggtagtcc
(R) aaaacggacaccgtagtgga
159
hWnt3 NM_030753 (F) acgagaactcccccaacttt
(R) gatgcagtggcatttttcct
170
hWnt3a NM_033131 (F) tgttgggccacagtattcct
(R) atgagcgtgtcactgcaaag
302
hWnt4 NM_030761 (F) ccttcgtgtacgccatctct
(R) gcctcattgttgtggaggtt
250
hWnt5a NM_003392 (F) ccacatgcagtacatcggag
(R) cactctcgtaggagcccttg
378
hWnt5b NM_032642 (F) gtgcagagacccgagatgtt
(R) caggctacgtctgccatctt
550
hWnt6 NM_006522 (F) ggttatggaccctaccagca
(R) aatgtcctgttgcaggatgc
208
hWnt7a NM_004625 (F) agtacaacgaggccgttcac
(R) gcacgtgttgcacttgacat
326
hWnt7b NM_058238 (F) aagctcggagcactgtcatc
(R) ccctcggcttggttgtagta
374
hWnt8a NM_058244 (F) tggggaacctgtttatgctc
(R) ccctcggcttggttgtagta
456
hWnt8b NM_003393 (F) ctggtccaaaggcttacctg
(R) tgagtgctgcgtggacttc
557
hWnt9a NM_003395 (F) gacggtcaagcaaggatctg
(R) tgctctcgcagttcttctca
411
hWnt9b NM_003396 (F) ctgcttgagtgccagtttca
(R) cgagtcatagcgcagtttca
477
hWnt10a NM_025216 (F) aatgccaacaccaattcagg
(R) caactcggttgttgtgaagc
464
hWnt10b NM_003394 (F) gcaagagtttcccccactct
(R) gattgcggttgtgggtatc
367
hWnt11 NM_004626 (F) ttgcttgacctggagagagg
(R) gacgagttccgagtccttca
521
hWnt16 NM_007168 (F) tgctccgatgatgtccagta
(R) acctcctgcaacggacatag
562Journal of Molecular Signaling 2008, 3:16 http://www.jmolecularsignaling.com/content/3/1/16
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were cultured at 37°C in a 5% CO2, 95% air incubator. To
prepare H7 cells free from MEF for RNA extraction, cells
were rinsed once with Hank's buffered salt solution and
incubated in DMEM containing 1 mg/ml dispase at 37°C
for 30 min. Colonies dethatched from the culture plate
were collected, rinsed off from dispase and gently dis-
persed into smaller pieces of cell aggregates by used a 5 ml
pipette. Cell aggregates were placed in Matrigel coated
plates, cultured for 2–4 days, and then RNA was extracted.
Reverse transcription-polymerase chain reaction (RT-
PCR) amplification
Total RNA was extracted by using STAT-60 kit from TEL-
TEST (Friendswood, TX) according to the manufacturer's
Table 6: Expression of Frizzled and LRP genes in mouse 
totipotent teratocarcinoma embryonic cell (F9), human 
embryonic stem cell (H7), and human mesenchymal cells (hM).
gene\cell F9 H7 hM
Fz 1 ++ +
Fz 2 ++ +
Fz 3 ++ +
Fz 4 ++ +
Fz 5 ++ +
Fz 6 ++ +
Fz 7 ++ +
Fz 8 +- -
Fz 9 ++ +
Fz 10 ++ +
LRP5 ++ +
LRP6 ++ +
RNA was extracted from F9, H7 and hM and reverse-transcribed to 
obtain first strand cDNA. Specific primers were used in PCR to 
amplify each Wnt cDNA. Amplified products were purified and 
confirmed by DNA sequencing.
Table 4: Primer sequences for RT-PCR analysis of human Frizzled (hFz) and LRP genes
Gene Accession No. Sequence (5' to 3') Amplicon (bp)
hFz1 NM_003505 (F) gtgagccgaccaaggtgtat
(R) cagccggacaagaagatgat
184
hFz2 NM_001466 (F) gcgtcttctccgtgctctac
(R) ctgttggtgaggcgagtgta
286
hFz3 NM_017412 (F) tgagtgttcgaagctctatgg
(R) atcacgcacatgcagaaaag
229
hFz4 NM_012193 (F) aacctcggctacaacgtgac
(R) gttgtggtcgttctgtggtg
303
hFz5 NM_003468 (F) aacctcggctacaacgtgac
(R) gttgtggtcgttctgtggtgc
322
hFz6 NM_003506 (F) attttggtgtccaaggcatc
(R) tattgcaggctgtgctatcg
311
hFz7 NM_003507 (F) gtgcagtgttctcccgaact
(R) gaacggtaaagagcgtcgag
544
hFz8 NM_031866 (F) tcttgtcgctcacatggttc
(R) tgtagagcacggtgaacagg
375
hFz9 NM_003508 (F) cgctggtcttcctactgctc
(R) agaagaccccgatcttgacc
414
hFz10 NM_007197 (F) gcggtgaagaccatcctg
(R) gcacggtgtacagcacagag
276
hLRP5 NM_002335 (F) accggaaccacgtcacag
(R) gggtggataggggtctgagt
305
hLRP6 NM_002336 (F) aggcacttacttccctgcaa
(R) gggcacaggttctgaatcat
274
Table 5: Expression of Wnt gene in mouse totipotent 
teratocarcinoma embryonic cell (F9), human embryonic stem 
cell (H7), and human mesenchymal cells (hM).
gene\cell F9 H7 hM
Wnt 1 ++ -
Wnt 2 -+ +
Wnt 2b ++ +
Wnt 3 ++ +
Wnt 3a ++ +
Wnt 4 ++ +
Wnt 5a ++ +
Wnt 5b ++ +
Wnt 6 ++ +
Wnt 7a ++ +
Wnt 7b ++ +
Wnt 8a ++ -
Wnt 8b ++ -
Wnt 9a ++ +
Wnt 9b ++ -
Wnt 10a ++ -
Wnt 10b ++ +
Wnt 11 ++ -
Wnt 16 ++ +
RNA was extracted from F9, H7 and hM and reverse-transcribed to 
obtain first strand cDNA. Specific primers were used in PCR to 
amplify each Wnt cDNA. Amplified products were purified and 
confirmed by DNA sequencing.Journal of Molecular Signaling 2008, 3:16 http://www.jmolecularsignaling.com/content/3/1/16
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protocols. First strand cDNA was synthesized from 1 μg of
total RNA by using random hexamer primers and Super-
script II reverse transcriptase (Invitrogen). The first strand
cDNA (0.1 μg) was subjected to polymerase chain reac-
tion (PCR) (94°C for 45 s, 60°C for 45 s, 72°C for 1 min;
for 35 cycles with a final extension at 72°C for 5 min) by
using Taq DNA polymerase (Invitrogen) in tandem with
specific primer pairs targeting each Wnt, Frizzled and LRP
genes. Primer sequences are presented in Tables 1, 2, 3, 4.
Samples from PCR reactions were separated electropho-
retically on 0.8–1.0% agarose gels containing 0.2 μg/ml of
ethidium bromide. Fluorescent bands of amplified gene
products were captured by using GelDoc-It system (UVP
LLC, Upland, CA).
DNA sequencing
PCR products in agarose gels were isolated using the
QIAquick Gel Extraction Kit from QIAGEN (Valencia,
CA). Purified samples and correspondent PCR primers
were submitted to the DNA sequencing core facility in the
University campus.
Abbreviations
Fz: Frizzled; LRP: low density lipoprotein receptor related
protein; GPCR: G-protein coupled receptor; GSK3β: gly-
cogen synthase kinase-3β; PLCβ: phospholipase Cβ; LEF:
lymphoid enhancer factor; TCF: T-cell factor; hM: human
mesenchymal.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
UCO carried out all experiments and analyzed data. CCM
participated in coordination and helped to draft the man-
uscript. HYW designed the study, analyze data and drafted
the manuscript. All authors read and approved the final
manuscript.
Acknowledgements
Ujunwa C. Okoye was a recipient of HHMI summer fellowship. Ujunwa C. 
Okoye also received MARC fellowship from the NIH. This work is sup-
ported by NYSTEM institutional development grant and the grant 
GM069375 from the NIGMS, the National Institutes of Health.
References
1. Cadigan KM, Nusse R: Wnt signaling: a common theme in ani-
mal development.  Genes Dev 1997, 11:3286-3305.
2. Hayward P, Kalmar T, Arias AM: Wnt/Notch signalling and infor-
mation processing during development.  Development 2008,
135:411-424.
3. Moon RT, Brown JD, Torres M: WNTs modulate cell fate and
behavior during vertebrate development.  Trends Genet 1997,
13:157-162.
4. Reynolds SD, Zemke AC, Giangreco A, Brockway BL, Teisanu RM,
Drake JA, et al.: Conditional Stabilization of {beta}-Catenin
Expands the Pool of Lung Stem Cells.  Stem Cells 2008,
26(5):1337-1346.
5. Katoh M, Katoh M: WNT signaling pathway and stem cell sig-
naling network.  Clin Cancer Res 2007, 13:4042-4045.
6. Miyabayashi T, Teo JL, Yamamoto M, McMillan M, Nguyen C, Kahn M:
Wnt/beta-catenin/CBP signaling maintains long-term
murine embryonic stem cell pluripotency.  Proc Natl Acad Sci
USA 2007, 104:5668-5673.
7. Singla DK, Schneider DJ, LeWinter MM, Sobel BE: wnt3a but not
wnt11 supports self-renewal of embryonic stem cells.  Bio-
chem Biophys Res Commun 2006, 345:789-795.
8. Dravid G, Ye Z, Hammond H, Chen G, Pyle A, Donovan P, et al.:
Defining the role of Wnt/beta-catenin signaling in the sur-
vival, proliferation, and self-renewal of human embryonic
stem cells.  Stem Cells 2005, 23:1489-1501.
9. Sato N, Meijer L, Skaltsounis L, Greengard P, Brivanlou AH: Mainte-
nance of pluripotency in human and mouse embryonic stem
cells through activation of Wnt signaling by a pharmacolog-
ical GSK-3-specific inhibitor.  Nat Med 2004, 10:55-63.
10. Hao J, Li TG, Qi X, Zhao DF, Zhao GQ: WNT/beta-catenin path-
way up-regulates Stat3 and converges on LIF to prevent dif-
ferentiation of mouse embryonic stem cells.  Dev Biol 2006,
290:81-91.
11. Bhanot P, Brink M, Samos CH, Hsieh JC, Wang Y, Macke JP, et al.: A
new member of the frizzled family from Drosophila func-
tions as a Wingless receptor.  Nature 1996, 382:225-230.
12. Yang-Snyder J, Miller JR, Brown JD, Lai CJ, Moon RT: A frizzled
homolog functions in a vertebrate Wnt signaling pathway.
Curr Biol 1996, 6:1302-1306.
13. Chang SC, Miller AL, Feng Y, Wente SR, Majerus PW: The human
homolog of the rat inositol phosphate multikinase is an inosi-
tol 1,3,4,6-tetrakisphosphate 5-kinase.  J Biol Chem 2002,
277:43836-43843.
14. Kikuchi A, Yamamoto H, Kishida S: Multiplicity of the interac-
tions of Wnt proteins and their receptors.  Cell Signal 2007,
19:659-671.
15. Pan G, Thomson JA: Nanog and transcriptional networks in
embryonic stem cell pluripotency.  Cell Res 2007, 17:42-49.
16. Wallingford JB, Habas R: The developmental biology of Dishev-
elled: an enigmatic protein governing cell fate and cell polar-
ity.  Development 2005, 132:4421-4436.
17. Liu T, DeCostanzo AJ, Liu X, Wang H, Hallagan S, Moon RT, et al.: G
protein signaling from activated rat frizzled-1 to the beta-
catenin-Lef-Tcf pathway.  Science 2001, 292:1718-1722.
18. Bikkavilli RK, Feigin ME, Malbon CC: G alpha o mediates WNT-
JNK signaling through dishevelled 1 and 3, RhoA family
members, and MEKK 1 and 4 in mammalian cells.  J Cell Sci
2008, 121:234-245.
19. Adler PN: The genetic control of tissue polarity in Drosophila.
Bioessays 1992, 14:735-741.
20. Lee YN, Gao Y, Wang HY: Differential mediation of the Wnt
canonical pathway by mammalian Dishevelleds-1, -2, and -3.
Cell Signal 2008, 20:443-452.
21. Liu X, Rubin JS, Kimmel AR: Rapid, Wnt-induced changes in
GSK3beta associations that regulate beta-catenin stabiliza-
tion are mediated by Galpha proteins.  Curr Biol 2005,
15:1989-1997.
22. Gao Y, Wang HY: Inositol Pentakisphosphate Mediates Wnt/
beta-Catenin Signaling.  J Biol Chem 2007, 282(36):26490-26502.
23. Cook D, Fry MJ, Hughes K, Sumathipala R, Woodgett JR, Dale TC:
Wingless inactivates glycogen synthase kinase-3 via an intra-
cellular signalling pathway which involves a protein kinase C.
EMBO J 1996, 15:4526-4536.
24. Aberle H, Bauer A, Stappert J, Kispert A, Kemler R: beta-catenin is
a target for the ubiquitin-proteasome pathway.  EMBO J 1997,
16:3797-3804.
25. Orford K, Crockett C, Jensen JP, Weissman AM, Byers SW: Serine
phosphorylation-regulated ubiquitination and degradation
of beta-catenin.  J Biol Chem 1997, 272:24735-24738.
26. Kishida S, Yamamoto H, Ikeda S, Kishida M, Sakamoto I, Koyama S, et
al.: Axin, a negative regulator of the wnt signaling pathway,
directly interacts with adenomatous polyposis coli and regu-
lates the stabilization of beta-catenin.  J Biol Chem 1998,
273:10823-10826.
27. Liu C, Kato Y, Zhang Z, Do VM, Yankner BA, He X: beta-Trcp cou-
ples beta-catenin phosphorylation-degradation and regu-
lates Xenopus axis formation.  P r o c  N a t l  A c a d  S c i  U S A  1999,
96:6273-6278.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Journal of Molecular Signaling 2008, 3:16 http://www.jmolecularsignaling.com/content/3/1/16
Page 10 of 10
(page number not for citation purposes)
28. Behrens J, von Kries JP, Kuhl M, Bruhn L, Wedlich D, Grosschedl R,
et al.: Functional interaction of beta-catenin with the tran-
scription factor LEF-1.  Nature 1996, 382:638-642.
29. Molenaar M, van de WM, Oosterwegel M, Peterson-Maduro J, God-
save S, Korinek V, et al.: XTcf-3 transcription factor mediates
beta-catenin-induced axis formation in Xenopus embryos.
Cell 1996, 86:391-399.
30. Clevers H, van de WM: TCF/LEF factor earn their wings.  Trends
Genet 1997, 13:485-489.
31. Moon RT, Brown JD, Torres M: WNTs modulate cell fate and
behavior during vertebrate development.  Trends Genet 1997,
13:157-162.
32. Wang Y, Macke JP, Abella BS, Andreasson K, Worley P, Gilbert DJ, et
al.:  A large family of putative transmembrane receptors
homologous to the product of the Drosophila tissue polarity
gene frizzled.  J Biol Chem 1996, 271:4468-4476.
33. Dale TC: Signal transduction by the Wnt family of ligands.  Bio-
chem J 1998, 329(Pt 2):209-223.
34. Wang HY, Liu T, Malbon CC: Structure-function analysis of Friz-
zleds.  Cell Signal 2006, 18:934-941.
35. Gao Y, Wang HY: Casein kinase 2 Is activated and essential for
Wnt/beta-catenin signaling.  J Biol Chem 2006, 281:18394-18400.
36. Slusarski DC, Corces VG, Moon RT: Interaction of Wnt and a
Frizzled homologue triggers G-protein-linked phosphatidyli-
nositol signalling.  Nature 1997, 390:410-413.
37. Slusarski DC, Yang-Snyder J, Busa WB, Moon RT: Modulation of
embryonic intracellular Ca2+ signaling by Wnt-5A.  Dev Biol
1997, 182:114-120.
38. Sheldahl LC, Park M, Malbon CC, Moon RT: Protein kinase C is dif-
ferentially stimulated by Wnt and Frizzled homologs in a G-
protein-dependent manner.  Curr Biol 1999, 9:695-698.
39. Pinson KI, Brennan J, Monkley S, Avery BJ, Skarnes WC: An LDL-
receptor-related protein mediates Wnt signalling in mice.
Nature 2000, 407:535-538.
40. Wehrli M, Dougan ST, Caldwell K, O'Keefe L, Schwartz S, Vaizel-
Ohayon D, et al.: arrow encodes an LDL-receptor-related pro-
tein essential for Wingless signalling.  Nature 2000,
407:527-530.
41. Tamai K, Semenov M, Kato Y, Spokony R, Liu C, Katsuyama Y, et al.:
LDL-receptor-related proteins in Wnt signal transduction.
Nature 2000, 407:530-535.
42. Kelly OG, Pinson KI, Skarnes WC: The Wnt co-receptors Lrp5
and Lrp6 are essential for gastrulation in mice.  Development
2004, 131:2803-2815.
43. Wei CL, Miura T, Robson P, Lim SK, Xu XQ, Lee MY, et al.: Tran-
scriptome profiling of human and murine ESCs identifies
divergent paths required to maintain the stem cell state.
Stem Cells 2005, 23:166-185.
44. Liu H, Dalton S, Xu Y: Transcriptional profiling of definitive
endoderm derived from human embryonic stem cells.  Com-
put Syst Bioinformatics Conf 2007, 6:79-82.
45. Saitoh T, Hirai M, Katoh M: Molecular cloning and characteriza-
tion of human Frizzled-8 gene on chromosome 10p11.2.  Int
J Oncol 2001, 18:991-996.